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DOI: 10.1039/b812117fRarely investigated pentacyanoferrate(III) building blocks, [Fe(CN)5(L)]
2 (L ¼ 1-methylimdazole
(1–CH3im), imidazole (imH)), have been used to prepare cyanide-bridged bimetallic polymeric
Mn(II)–Fe(III) complexes {[Mn(bpy)(H2O)2Fe(CN)5(1–CH3im)]$H2O}n (1),
{[Mn(bpy)Fe(CN)5(imH)]$H2O}n (2) and {[Mn(CH3OH)2Fe(CN)5(imH)]}n (3) (bpy ¼ 2,20-
bipyridine). Complexes 1 and 2 were obtained via the reactions of Mn(bpy)2Cl2$EtOH with
[Fe(CN)5(L)]
2 (L ¼ 1–CH3im and imH, respectively), and complex 3 via the reaction between
MnCl2$2H2O and [Fe(CN)5(imH)]
2 in absolute methanol. Complex 1 is a one-dimensional alternate
Mn(II)–Fe(III) chain, while complexes 2 and 3 are two-dimensional comprised of Fe2Mn2 squares.
Complexes 2 and 3 show interesting intra- or interlayer p–p interactions between imidazole and
pyridine rings of bpy. Partial loss of the bpy ligand and the p–p contacts has a direct effect on the
molecular structures of complexes 1–3. Antiferromagnetic interaction between high-spin Mn(II), and
low-spin Fe(III) has been observed in complexes 1–3, and the layered complexes 2 and 3 display long-
range magnetic ordering at the critical temperature of 4.4 K (TN) for 2 and 5.0 K (Tc) for 3. A best-fit to
the magnetic susceptibility of the 1D complex 1 has given the magnetic coupling constant of JMnFe ¼
6.16(9) cm1 based on an antiferromagnetic chain model of alternate SFe ¼ 1/2 and SMn ¼ 5/2 spins.Introduction
Some cyanide-bridged 3D complexes derived from [M(CN)6]
3
(M ¼ Fe, Cr, Mn) have been shown to display high-Tc, magneto-
optical, gas-storage and electrochemical properties.1 Very
recently, low-dimensional cyanide-bridged complexes based on
[M(L)(CN)x]
n (x ¼ 1–5)2 form a new family of molecular
magnetic materials, for example single-chain magnets (1D) and
single-molecule magnets (0D). This approach provides the
possibility of fine fabrication of the molecular structure and
magnetism through the modification of the ligands (L). We
have first employed a pentacyanide building block [Fe(1–
CH3im)(CN)5]
2 to successfully isolate a series of Mn(III)–Fe(III)
bimetallic magnetic materials.3 Realizing that cyanide-bridged
Mn(II)–Fe(III) complexes, especially polymeric species, are still
few,4 we prepared three cyanide-bridged Mn(II)–Fe(III)
complexes based on pentacyanoferrite(III) building blocks. The
preparation of two 2D Mn(II)–Fe(III) complexes in this work
enables further elucidation of magneto-structural correlation of
the Mn(II)–Fe(III) complexes.aDepartment of Chemistry, Tsinghua University, Beijing, 100084, P. R.
China. E-mail: kouhz@mail.thu.edu.cn; Fax: +86 10-62771748
bDepartment of Chemistry, State Key Laboratory for Physical Chemistry
of Solid Surfaces, Xiamen University, Xiamen, 361005, P. R. China
† Electronic supplementary information (ESI) available: Cell packing
diagrams for complexes 1–3. Field-dependence of magnetization for
complexes 2 and 3 at 2 K. CCDC reference numbers 695207–695209.
For ESI and crystallographic data in CIF or other electronic format
see DOI: 10.1039/b812117f
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All chemicals were commercially available. The precursors,
[Mg(1–CH3im)2(H2O)2Fe(CN)5(1–CH3imH)]$H2O were prepared
according to references.5 [Ca(imH)(H2O)][Fe(CN)5(imH)] was
prepared as black crystals according to the literature method for
[Ca(1–CH3im)(H2O)][Fe(CN)5(1–CH3im)].
6 Mn(bpy)2-Cl2$2H2O$
EtOH (bpy ¼ 2,20-bipyridine) was prepared as per a reported
method.7Physical measurements
IR spectra were recorded on a Perkin Elmer Spectrum One FT-
IR Spectrometer with KBr pellets. Elemental analysis was per-
formed with an Elementary Vario El. Magnetic measurements
were carried out on a Quantum Design MPMS SQUID
magnetometer. The experimental susceptibilities were corrected
for the diamagnetism of the constituent atoms (the Pascal tables).
Synthesis of (Ph4P)2[Fe(CN)5(imH)]$2H2O. [Ca(imH)(H2O)]
[Fe(CN)5(imH)] (0.95 g, 2.5 mmol) was dissolved in water
(10 ml), and PPh4Br (2.0 g, 5 mmol) was added to the above
solution. After the solution was stirred in the dark overnight,
yellow powder was obtained. Yield: 2.10 g (82.1%). Recrystalli-
zation of the powder in MeOH afforded yellow single crystals.
Anal. Calcd. for C56H48N7O5P2Fe: C, 69.43; H, 4.99; N, 10.12.
Found: C, 69.26; H, 4.96; N, 10.15. IR (KBr): n(ChN), 2145 vs,
2115 s.
Synthesis of {[Mn(bpy)(H2O)2Fe(CN)5(1–CH3im)]$H2O}n (1).
A methanol solution (10 mL) of Mn(bpy)2Cl2$2H2O$EtOH (49.3
mg, 0.1 mmol) and an aqueous methanol (2 : 1, v/v) solutionThis journal is ª The Royal Society of Chemistry 2009



































































View Online(10 mL) of [Mg(1–CH3im)2(H2O)2Fe(CN)5(1–CH3im)]$H2O
(51.1 mg, 0.1 mmol) was put in the two legs of a glass H tube, and
the two solutions were carefully mixed with ethanol. Dark-red
crystals were obtained after several weeks. They were filtered,
washed with 1 : 1 (v/v) water–methanol and dried at room
temperature. Yield: 28.8 mg (54.0%). Anal. Calcd. for
C19H20N9O3FeMn: C, 42.80; H, 3.78; N, 23.64. Found: C, 42.96;
H, 3.82; N, 23.14. IR (KBr): n(ChN), 2131 s, 2120 m.
Synthesis of {[Mn(bpy)Fe(CN)5(imH)]$H2O}n (2). Similar to 1,
but (Ph4P)2[Fe(CN)5(imH)]$2H2O instead of [Mg(1–CH3im)2
(H2O)2Fe(CN)5(1–CH3im)]$H2O was used for the synthesis of
complex 2. Red single crystals were obtained. Yield: 26.0 mg
(53.8%). Anal. Calcd. for C18H14N9OFeMn: C, 44.75; H, 7.20;
N, 17.87. Found: C, 44.30; H, 6.86; N, 18.09. IR (KBr): n(ChN),
2145 vs, 2115 s.
Synthesis of {[Mn(CH3OH)2Fe(CN)5(imH)]}n (3). A methanol
solution (5 mL) of MnCl2$4H2O (19.8 mg, 0.1 mmol) was care-
fully layered onto a methanol solution (5 mL) of (Ph4P)2[Fe(C-
N)5(imH)]$2H2O (96.9 mg, 0.1 mmol) in a glass tube. Red
crystals were obtained after several months. The crystals were
filtered, washed with 1 : 1 (v/v) water–methanol and dried at
room temperature. Yield: 14.9 mg (40.0%). Anal. Calcd. for
C10H12N7O2FeMn: C, 32.20; H, 3.24; N, 26.28. Found: C, 32.33;
H, 3.21; N, 26.14. IR (KBr): n(ChN), 2135 vs, 2122 s.
X-Ray crystallography
The data collection of all these complexes were performed on
a Rigaku R-axis RAPID IP diffractometer equipped with
graphite-monochromated Mo Ka radiation (l ¼ 0.71073 Å) at
293 K. All structures were solved by the direct method
(SHELXS-97) and refined by full matrix least-squares
(SHELXL-97) on F2. Anisotropic thermal parameters were used
for the non-hydrogen atoms and isotropic parameters for the
hydrogen atoms. Hydrogen atoms were added geometrically and
refined using a riding model. The high Flack parameter for
complex 1 implies that it is likely a racemic twin.
Results and discussion
Synthesis
The reactions between [Mn(L)x]
2+ (bpy or MeOH) and
[Fe(L)(CN)5]
2 were very fast and resulted in the deposit of
powders. Therefore, single crystals of complexes 1–3 were grown
by the slow diffusion method that has been shown to be
a powerful way of growing single crystals.8,9 The precursor
[Mn(bpy)2]
2+ cation lost one bpy molecule during the growth of
single crystals of complexes 1 and 2. Partial removal of the bpy
ligands brought about the formation of polymeric structures
rather than the potential MnFe chain or Mn2Fe2 cluster (Scheme
1). This phenomenon has occurred to the synthesis of 2D
{Mn(H2O)2[Mn(bpym)(H2O)]2[Fe(CN)6]2}N
4b and 3D [Cu(E-
tOH)2][Cu(en)Cr(CN)6]2.
8 However, when univalence
[MIII(L)(CN)x]
 (M ¼ Fe or Cr; L ¼ bi-/tri-dentate ligands; x¼ 4
or 3) were used to react with [Mn(bpy)2]
2+, the partial removal of
bpy did not take place.10 The use of methanol molecules as
a ligand gave rise to the assembly of a 2D polymeric complex 3,This journal is ª The Royal Society of Chemistry 2009which indicates that the use of nonaqueous solvents could give
rise to new species with different molecular structures.Crystal structures of complexes 1–3
Detailed crystallographic data for all compounds are listed in
Table 1. The labeling schemes for the crystal structures of
complexes 1–3 are depicted in Fig. 1–3. Selected bond lengths
and angles are presented in Table 2.
As shown in Fig. 1a, complex 1 is a 1D zigzag chain running
along the a axis with (–Fe–ChN–Mn–NhC–)n as the repeating
unit. [Fe(CN)5(1–CH3im)]
2 uses two trans-cyano groups in the
equatorial plane to connect two [Mn(bpy)(H2O)2]
2+ moieties,
giving rise to a zigzag chain. The remaining CN units are
terminal.
The [Mn(bpy)(H2O)2]
2+ moiety uses its two cis-haptos to
connect with the bridging cyano ligands, and the coordination
geometry of Mn(II) is a distorted octahedron. The average
distance of Mn–Nbpy is 2.267(11) Å, and the bond length of Mn–
Ow is 2.205(8) Å on average. Mn–Ncyano distances are 2.198(10)
and 2.208(9) Å. The bridged Mn–NhC linkages are bent
[149.9(10) and 150.9(10)].
The coordination geometry of Fe(III) is a distorted octahe-
dron. The bond length of Fe–C is 1.939(10)–1.963(14) Å while
Fe–N (imidazole) is 1.944(10) Å, which is shorter than that in
the [Fe(1–CH3im)(CN)5]
2 analogues previously reported.3 The
angle Fe–ChN is nearly linear, 176.6(11) on average.
The hydrogen-bonds between the coordinated water molecules
and the nitrogen atoms (–CN) in the adjacent chains result in
a layered molecular structure (Fig. 1b). Interestingly, all 1–
CH3im and bpy groups are positioned at the same orientationCrystEngComm, 2009, 11, 632–637 | 633
Table 1 Crystallographic data for complexes 1–3
1 2 3
Formula C19H20N9O3FeMn C18H14N9OFeMn C10H12N7O2FeMn
FW 533.23 483.17 373.06
Crystal system Orthorhombic Orthorhombic Orthorhombic
Space group Pna21 Pnma P212121
a/Å 16.2570(15) 13.199(8) 7.4090(15)
b/Å 8.8673(15) 7.258(4) 13.701(3)
c/Å 15.976(2) 22.234(15) 15.038(3)
V/Å3 2303.0(5) 2130(2) 1526.5(5)
Z 4 4 4
rcalcd/g cm
3 1.538 1.507 1.623
m(Mo Ka)/mm1 1.218 1.302 1.791
Reflections with I > 2s(I) 1553 2157 3213
Goodness-of-fit on F2 1.057 1.012 1.025
Data/restraints/parameters 2103/1/298 2499/0/176 3469/0/203
R1 [I > 2s(I)] 0.0580 0.0360 0.0239
wR2 (all data) 0.1511 0.0650 0.0557
Largest diff. peak and hole/e Å3 0.617/0.608 0.364/0.363 0.313/0.255
Fig. 1 One-dimensional zigzag chain structure of complex 1 (30%
probability for the ellipsoids).
Fig. 2 Top: Coordination environment of Mn(II) and Fe(III) in
complex 2 (30% probability for the ellipsoids). Symmetry codes: A x, y
 0.5, z; N1B x, 0.5  y, z; N3B 0.5 + x, 0.5  y, 0.5  z; C 0.5 + x, 1 +
y, 0.5  z. Bottom: layered structure of complex 2(30% probability for the
ellipsoids). Symmetry codes: A x, y 0.5, z; Fe1A 0.5 + x, 0.5  y, 0.5
 z; B 0.5 + x, 0.5  y, 0.5  z; Fe1B 0.5 + x, 1 + y, 0.5  z; Mn1C 0.5 +
x, y, 0.5  z; Fe1C 1 + x, 1 + y, z; Mn1D 0.5 + x, 1.5  y, 0.5  z; Fe1D x,
0.5  y, z; Fe1E 1 + x, y 0.5, z; Mn1E 1 + x, 0.5  y, z; Mn1F 1 + x, 1
































































View Onlinewithin a chain. The chains are parallel to each other, giving
a recemic species of 1.
The structure of complex 2 consists of the [Fe(CN)5(imH)]
2
and [Mn(bpy)]2+ moieties, which are connected by the bridging
cyano ligands leading to a 2D layered structure along the ab
plane (Fig. 2). Four equatorial CN ligands around the Fe(III)
atom coordinate to four cis-[Mn(bpy)]2+, and in return the Mn
atom connects four [Fe(CN)5(imH)]
2 groups. Because bpy
occupies two cis positions around Mn(II), the grid-like 2D layer
is not flat but corrugated (ESI†).
The Fe(III) ions exhibit a distorted octahedral geometry with
Fe–C (briged) distances of 1.938(2) Å and 1.945(2) Å and Fe–C
(terminal) distance of 1.913(4) Å. The Fe–N (imH) distance is
1.981(3) Å, which is comparable to that for 1 (1.976(12) Å). The
average bond Mn–Nbpy distance is 2.305(3) Å. The Mn–Ncyano
bond distances are in the range 2.218(2)–2.239(2) Å. The
bridging Mn–NhC angles are 158.3(2) and 164.0(2), which is
more linear than 1.
In the layer, the imH and bpy groups show p/p contacts with
the center-to-center separation between bpy and imH of 3.824 Å.
Moreover, the p/p contacts are present between bpy planes of
adjacent layers with the center-to-center separation of 3.719 Å
(Supplementary materials). The shortest interlayer metal/metal
separation is 8.762 Å for Mn/Mn.
Complex 3 possesses a 2D grid-like structure similar to
complex 2 (Fig. 3). However, two CH3OH molecules are situated
at the trans positions of Mn(II) octahedron different from634 | CrystEngComm, 2009, 11, 632–637 This journal is ª The Royal Society of Chemistry 2009
Fig. 3 Top: coordination environment of Mn(II) and Fe(III) in complex































































View Onlinecomplex 2 where bpy seizes two cis sites. Nevertheless, the layer is
not planar, and is slightly corrugated. The Mn–NhC bond
angles are in a wide range of 143.2(2)–177.6(3). The imidazoleTable 2 Selected bond distances (Å) and angles () for complexes 1–3
Complex 1
Fe(1)–C(1) 1.940(10) Fe(1)–C(4) 1.939(10)
Fe(1)–C(2) 1.951(11) Fe(1)–C(5) 1.936(11)
Fe(1)–C(3) 1.935(15) Fe(1)–N(6) 1.976(12)
Mn(1)–N(1) 2.198(10) Mn(1)–N(9) 2.284(11)
Mn(1)–N(4A) 2.208(9) Mn(1)–O(2W) 2.196(8)
Mn(1)–N(8) 2.251(10) Mn(1)–O(3W) 2.214(8)
Mn(1)–N(1)–C(1) 150.3(10) Mn(1)–N(4A)–C(4A) 150.9(10)
Complex 2
Fe(1)–C(1) 1.938(2) Fe(1)–C(3) 1.945(2)
Fe(1)–C(2) 1.913(4) Fe(1)–N(4) 1.981(3)
Mn(1)–N(1) 2.218(2) Mn(1)–N(6) 2.266(3)
Mn(1)–N(3B) 2.239(2) Mn(1)–N(7) 2.344(3)
Mn(1)–N(1)–C(1) 158.3(2) Mn(1)–N(3B)–C(3B) 164.0(2)
Complex 3
Fe(1)–C(1) 1.933(3) Fe(1)–C(4) 1.940(3)
Fe(1)–C(2) 1.954(2) Fe(1)–C(5) 1.931(2)
Fe(1)–C(3) 1.943(3) Fe(1)–N(6) 1.965(2)
Mn(1)–N(1) 2.223(2) Mn(1)–N(4A) 2.181(2)
Mn(1)–N(2A) 2.227(2) Mn(1)–O(1) 2.192(2)
Mn(1)–N(3A) 2.200(2) Mn(1)–O(2) 2.303(2)
Mn(1)–N(1)–C(1) 143.2(2) Mn(1)–N(2A)–C(2A) 161.8(2)
Mn(1)–N(3A)–C(3A) 173.1(2) Mn(1)–N(4A)–C(4A) 177.5(2)
This journal is ª The Royal Society of Chemistry 2009rings of adjacent layers show p/p stacking interaction with the
center-to-center separation of 3.783 Å (ESI†). The non-bridging
cyano nitrogen atoms (N(5)) interact with the hydrogen atoms
attached to the intra- and inter-layer methanol oxygen atoms,
connecting the adjacent layers into a 3D network. The nearest
interlayer metal/metal separation is 7.231 Å for Mn/Fe.
The present results show that 1–CH3im is not a good ligand for
p/p contacts, different from imidazole. This is probably due to
the presence of spatial hindrance from the methyl group in 1–
CH3im.
Magnetic properties
The magnetic susceptibilities for complex 1–3 were measured
from 2–300 K under an applied magnetic field of 1000 Oe. The
plots of cmT versus T for complexes 1–3 were shown, respec-
tively, in Fig. 4–6, where cm is the molar magnetic susceptibility
per MnIIFeIII unit.
The cmT value (4.56 emu K mol
1 at room temperature) for
complex 1 decreases gradually with the decrease of temperature,
and reaches a minimum of 4.20 emu K mol1 at 40.0 K, then
increases sharply to reach a maximum of 11.7 emu K mol1 at 2.0Fig. 4 Temperature dependence of cmT for complex 1. The solid line
represents the best fit results.
Fig. 5 Temperature dependence of cmT for complex 2. Inset: field-
cooled magnetization in an applied magnetic field of 50 Oe for complex 2.
CrystEngComm, 2009, 11, 632–637 | 635
Fig. 6 Temperature dependence of cmT for complex 3. Inset: Temper-
ature dependence of alternating-current (AC) magnetic susceptibilities
































































View OnlineK. The 1/cm value (20–300 K) obeys the Curie–Weiss law with
a Curie constant of C ¼ 4.55 emu K mol1 and a Weiss constant
of q ¼ 4.40 K. The slow decrease of cmT at high temperatures
and the negative Weiss constant indicate an antiferromagnetic
interaction between high-spin Mn(II) and low-spin Fe(III)
through cyanide bridges. The rise of cmT below 40 K is typical of
ferrimagnetic property because of the presence of non-cancella-
tion of spins on Mn(II) and Fe(III).
According to the reported model for alternate Mn(II)–Fe(III)
antiferromagnetic 1D chain,11 the magnetic susceptibility data
for complex 1 can be fitted by the expressions derived from the













[ s/i: quantum-spin of
Fe(III), s¼ 1/2; Si: classic-spin of Mn(II); H: applied field parallel
to the z-axis]. All adjacent metal antiferromagnetic exchanges are
considered identical for simplicity. The equation for magnetic















































The parameter zJ0 represents the contribution of interchain
magnetic coupling via hydrogen bonding, where z is the number
of nearest neighbors around a given chain. The best-fit param-
eters are 2J ¼ 6.16(9) cm1, g ¼ 2.00(1), zJ0 ¼ 0.015(1) cm1.
The J value lies within the range (010 cm1) for cyanide-636 | CrystEngComm, 2009, 11, 632–637bridged polynuclear Mn(II)–Fe(III) complexes.10a,b,12–18 We did
not expect long-range magnetic ordering in such a 1D system.
The room-temperature cmT for complex 2 is 4.82 emu K
mol1. cmT decreases smoothly with the lowering of the
temperature until 40 K approximately, after which it decreases
sharply and reaches 0.87 emu K mol1 at 2.0 K. The magnetic
susceptibilities obey the Curie–Weiss law with a Curie constant
C ¼ 4.94 emu K mol1 and a negative Weiss constant q ¼ 5.41
K. These properties indicate an antiferromagnetic interaction
between Mn(II) and Fe(III) through the bridged cyanide groups.
The FCM (field-cooled magnetization) curve under 50 Oe
shows a maximum at 4.4 K, indicating the existence of
a magnetic phase transition at 4.4 K, as shown in the inset of
Fig. 5. The field-dependent magnetization of complex 2 at 2 K
shows spin-flop transition which is presumably a consequence of
the single-ion anisotropy of the low-spin octahedral Fe(III) due
to the presence of unquenched orbital angular momentum
(ESI†). The experimental curve lies far below the Brillouin curve
for an S ¼ 2 spin state with g ¼ 2.0 at low fields (below 30 kOe).
The magnetization reaches 3.82 Nb at the highest measured field
(50 kOe), which is near the saturation value of 4 Nb for a Mn(II)–
Fe(III) ferrimagnet. These indicate the presence of antiferro-
magnetic coupling between Mn(II) and low-spin Fe(III) in
complex 2.
Complex 3 displays magnetic properties similar to those of
complex 1 (Fig. 6). The cmT value changes from 4.85 emu K
mol1 at room temperature to 3.82 emu K mol1 at 24 K, and
then increases to a maximum of 15.0 emu K mol1 at 4 K. The
magnetic susceptibilities obey the Curie–Weiss law (20–300 K)
with a Curie constant C ¼ 4.91 emu K mol1 and a negative
Weiss constant q ¼ 9.21 K, suggestive of an antiferromagnetic
Mn(II)–Fe(III) interaction through the cyanide bridges.
Considering the 2D structure of complex 3, we performed
further magnetic measurements to see if long-range magnetic
ordering is present. Zero-static alternating current (AC)
magnetic susceptibility measurements show that both in-phase
(cAC
0) and out-of-phase (cAC
0 0) signals appear although the
maximum value of cAC
0 at 5 K is 30 times cAC
00 (inset of Fig. 6).
This suggests the existence of a long-range ordered state with
a spontaneous magnetic moment at ca. 5.0 K. The FCM curve of
3 in 20 Oe (Fig. 7) displays an abrupt increase below 7 K. Thederivative curve, dFCM/dT, presents an extreme at 5.0 K,
corresponding to the magnetic transition temperature (Tc). The
existence of a magnetic transition is also confirmed by the
isothermal magnetization measurements. The hysteresis loop at
2 K shows the rapid saturation of magnetization (ESI†), and the
experimental curve is above the Brillouin curve for an S ¼ 2 spin
state with g ¼ 2.0 at low fields (below 20 kOe), typical of
a ferrimagnet.
All three complexes show Mn(II)–Fe(III) antiferromagnetic
coupling through the cyanide bridges. It is due to the presence ofThis journal is ª The Royal Society of Chemistry 2009






































































0 configurations for Mn(II) and
Fe(III)), which usually overwhelms the ferromagnetic term of the
s–p (t2g-eg) orthogonal coupling. The structural differences
(coordination surrounding the Mn(II) ion, the bond bending of
Mn–NC–Fe linkages and Mn–N bond distances, etc.) can
account for the variation of J in the complexes. Interestingly, an
imidazolate-bridged 2D complex containing high-spin Mn(II)
and low-spin Fe(III) shows overall ferromagnetic properties.19
For molecular magnets with a 2D molecular structure, the
value of the 3D ordering temperature (Tc or TN) depends on the
magnitude of the interlayer magnetic interaction. The ferrimag-
netic ordering for complex 3 should be due to the ferromagnetic
interlayer magnetic coupling in complex 3. However, it is not
easy to forecast the nature of interlayer magnetic coupling based
on the molecular structure. For complex 3 there are two kinds of
interlayer interactions, p/p stacking between the imidazole
rings and the hydrogen bonds between the cyano nitrogen atoms
and the methanol oxygen atoms, which contribute to the inter-
molecular ferromagnetic coupling. Similarly, the cyanide-
bridged 2D Mn(II)–Fe(III) complexes display ferrimagnetic
ordering below 11 K.4 The highest magnetic ordering tempera-
ture for the 2D complexes is close to the 3D Prussian blue
analogue RbMn[Fe(CN)6].
20 For 2D based magnets, the weak
interlayer magnetic coupling via hydrogen bonding or dipolar
interaction makes the 3D magnetic ordering lower than the 3D
analogues.
Conclusions
Two building blocks [Fe(CN)5(1–CH3im)]
2 and
[Fe(CN)5(imH)]
2 have been used for the construction of
cyanide-bridged Mn(II)–Fe(III) bimetallic coordination poly-
mers. The facile loss of the chelating ligand 2,20-bipyridine results
in formation of the polymeric molecular structures. The imid-
azole ligands, 1–CH3im and imH, additionally influence the
structure and the intermolecular interactions. Antiferromagnetic
coupling between Mn(II) and low-spin Fe(III) through the
cyanide bridges is present in the complexes. Interlayer ferro-
magnetic interaction affords long-range ferrimagnetic ordering
in the 2D complex (3).This journal is ª The Royal Society of Chemistry 2009Acknowledgements
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12 R. Lescouëzec, F. Lloret, M. Julve, J. Vaissermann and
M. Verdaguer, Inorg. Chem., 2002, 41, 818; L. M. Toma,
R. Lescouezec, L. D. Toma, F. Lloret, M. Julve, J. Vaissermann
and M. Andruh, J. Chem. Soc., Dalton Trans., 2002, 3171.
13 Z.-H. Ni, H.-Z. Kou, L. Zheng, Y.-H. Zhao, L.-F. Zhang, R.-
J. Wang, A.-L. Cui and O. Sato, Inorg. Chem., 2005, 44, 4728.
14 S. Tanase, M. Andruh, N. Stanica, C. Mathoniere, G. Rombaut,
S. Golhen and L. Ouahab, Polyhedron, 2003, 22, 1315.
15 S. Wang, J.-L. Zuo, H.-C. Zhou, Y. Song and X.-Z. You, Inorg.
Chim. Acta, 2005, 358, 2101; S. Wang, J.-L. Zuo, H.-C. Zhou,
Y. Song, S. Gao and X.-Z. You, Eur. J. Inorg. Chem., 2004, 3681.
16 D. Li, S. Parkin, G. Wang, G. T. Yee, A. V. Prosvirin and
S. M. Holmes, Inorg. Chem., 2005, 44, 4903.
17 H.-R. Wen, C.-F. Wang, J.-L. Zuo, Y. Song, X.-R. Zeng and X.-
Z. You, Inorg. Chem., 2006, 45, 582.
18 D. Li, S. Parkin, G. Wang, G. T. Yee and S. M. Holmes, Inorg.
Chem., 2006, 45, 1951.
19 F. Lambert, J.-P. Renault, C. Policar, I. Morgenstern-Badarau and
M. Cesario, Chem. Commun., 2000, 35.
20 H. Tokoro, S.-i. Ohkoshi, T. Matsuda and K. Hashimoto, Inorg.
Chem., 2004, 43, 5231.CrystEngComm, 2009, 11, 632–637 | 637
